By introduction of recombinant plasmids into monkey CV1 cells, we have unambiguously demonstrated that sequences entirely within the 72 bp repeat, which is located upstream of the SV40 early region, are crucial for T-antigen expression in vivo. We have also shown that a DNA fragment containing the 72 bp repeat, inserted directly before chicken conalbumin or adenovirus-2 major late promoter sequences in chimeric plasmids where these promoters replace that of the SV40 early genes, caused a dramatic increase in the expression of Tantigen in vivo. This effect was independent of the orientation of the 72 bp repeat, but was sensitive to its location within the plasmid. When the 72 bp repeat was separated from the promoter sequences, T-antigen expression was reduced. Insertion of the 72 bp repeat into equivalent plasmids containing no known eukaryotic promoter sequences (plasmids which were not detectably expressed in vivo) gave rise to a measurable, but smaller level of expression. The stimulation of expression by the 72 bp repeat is cis-acting : it required covalent linkage to the recombinant. We discuss the possibility that the 72 bp repeat region in SV40 may act as a bi-directional entry site for RNA polynerase B such that promoter sequences linked to the repeat are more efficiently utilised.
INTRODUCTION
A prokaryotic promoter is the genetic element necessary for expression of a particular structural gene. It is defined by cis-dominant mutations that affect the basal level of expression of this gene, and it is different from the structural gene itself and from elements that regulate its expression (1, 2). The molecular analysis of E.coli promoters has shown that promoters are regions of DNA that specifically interact with RNA polymerase before correct initiation of transcription of the structural gene can occur (for reviews, see 3, 4). All of the necessary promoter elements, such as the Pribnow box and the -35 sequence are located within 50 bp upstream from the site of mRNA initiation (for reviews, see 3, 4).
Recent studies on the eukaryotic promoters for RNA polymerase B (II) have suggested that it is not a simple RNA polymerase binding site, analogous to prokaryotic promoters. The role of sequences located more than 100 bp upstream before the mRNA initiation sites has been demonstrated for both viral (5, 6, 7) and cellular (8, 9) genes (see also ref. 10 for a review). For instance, the results obtained with a number of deletion mutants have suggested that the most important elements for SV40 early gene expression lie within the 72 bp repeat region which starts about 115 bp upstream from the mRNA startsites (6, see also Fig. 1 ). The eukaryotic promoter could therefore be quite large when compared with its prokaryotic counterpart, but in addition, gene expression can still occur when only the upstream element is present, and when other promoter elements (such as the TATA box) are deleted (6) . This striking finding, with no known counterpart in prokaryotes, has prompted us to study in more detail the nature of the SV40 sequences involved and to analyze their "promoter" properties.
Using deletion mutants and indirect immunofluorescence as an assay for T-antigen expression, we here demonstrate unambiguously that sequences lying within the 72 bp repeat are crucial for SV40 early gene expression. Moreover, the SV40 72 bp repeat region has a promoter-like activity by itself. We have also constructed chimeric recombinant plasmids containing the SV40 72 bp repeat region and sequences from known chicken conalbumin or adenovirus 2 major late promoter regions linked to the coding sequences of SV40 T-antigens. Using transfection or nuclear microinjection techniques to introduce the DNA of these recombinants into monkey cells, and indirect immunofluorescence as an assay for T-antigen expression, we show not only that the SV40 72 bp repeat region can act in either orientation with heterologous promoter sequences, but also that it retains some of its activity even when it is located far from the promoter and T-antigen structural sequences. Mechanisms which could possibly account for the puzzling effect of the SV40 72 bp repeat region are discussed in the light of our present observations.
MATERIALS AND METHODS A) SV4O Nucleotide sequence numbering system.
The sequence for SV40 is from (11) as modified in (12) and numbered in (13), BBB system. B) Recombinant plasmids.
pSVl [containing the SV40 early gene wild type sequence from the Hpall (346) to the BamHI (2533) sites], AS (derived from pSVl by deletion of 9 bp at the Bgll site), pEMP (containing all of the T-antigen structural sequences from 5227 to 2533), and pHS102 have been described (6) . DNA sequencing analysis (B.W. unpublished data) has shown that pHS102 has a deletion between position 5227 and 113 (see Fig. 1 ) with a BamHI site reconstructed at position 113. DB14 was constructed by cloning the pHS102 box fragment A (Fig. 1) between the BamHI and PvuII sites of pBR322. 1 ) Construction and sequence of the SV40 mutants (TB series) TBO was constructed by digesting pSVl with SphI which cuts once in pBR322 (position 565) and once in each 72 bp repeat (see Fig. 1 ). The two largest fragments were purified on sucrose gradients and ligated. This resulted in TBO with only one 72 bp repeat (sequence in Fig. 2 ). TB101, TB2O2 and TB208 were constructed by isolating the pSVl Hinfl fragment (position 631 in pBR322 to position 5135 in SV40) which was cleaved by BstNI (EcoRII). The DNA fragments were treated with Bal31 nuclease, repaired with DNA polymerase I and ligated. After cleavage with Bgll and Clal, the fragments were inserted between the Clal and Bgll sites of pSVl (partial digest). The resulting mutants have deletions of one 72 bp sequence and 21 (TB208), 22 (TB2O2) or 32 nucleotides (TB101) in the remaining 72 bp sequence (Fig. 2). [The sequence of these mutants was deduced (14) after labelling at the pBR322 Hindlll site]. TB1O1 and TBBI1O1 were obtained by blunt ligation of the pHS102 box fragment A (Fig. 1) pRE7BS, a derivative of pRE7 which has lost the Bgll site of SV40, was constructed by ligation of SI nuclease treated full-length linear pRE7 isolated from a sucrose gradient following partial Bgll digestion. The insert fragments from pMMBl and pMMB28 were ligated into the BamHI site of pRE7BS to create pMMBlBS and pMMB28BS.
3) Recombinants containing either no known promoter (pEMP series and pHSX102) or a chicken conalbwnin gene "promoter" fragment (pTCT and pSVCT series). pTCT : the conalbumin +62 to -102 Alul fragment (17) was cloned in the repaired unique BamHI site of pEMP (5).This regenerated BamHI sites at both ends of the conalbumin fragment. pTCT has the conalbumin fragment in the same orientation with respect to transcription as the SV40 T-antigen coding sequences (Fig. 3 ) . pTCTI has the conalbumin fragment in the opposite orientation (not shown). PTCTB, pTCTBI, pTBCT, pTBICT, pEMPB and pEMPBI : the repaired fragment A from pHS102 ( Fig. 1) was cloned in pTCT which had been partially digested with BamHI and repaired (see Fig. 3 ). pTCTB3, pTCTBI3, pEMPB3 and pEMPBI3 : the repaired pHS102 fragment A was cloned in the repaired Sail site of pTCT (to give pTCTB3 and pTCTBI3, Fig. 3 ) or pEMP (to give pEMPB3 and pEMPBI3 Fig.3) . pTCTB37, pTCTBI37, pEMPB37 and pEMPBI37 (Fig. 3) : first pTCT (tet ) and pEMP (tet T ) (ie. pTCT and pEMP with intact tetracycline genes) were constructed by ligating the EcoRI (repaired) to Sail (non repaired) 650 bp fragment from pBR322 to pTCT which had been partially digested with BamHI, repaired and cleaved with Sail. The PstI 1423 bp fragment (from 3612 in pBR322 to 3204 in SV40) was replaced with the equivalent fragment from pSVPBA500 or pSVPBIA500 (see below) (Fig. 3) . pSVCT and pSVCT : the +113 (SV40) to +375 (pBR) BamHI fragment from pHS102 (which contains the 72 bp repeat) was cloned into partially BamHI digested pTCT or pTCTI (pSVCTI) (Fig. 3) (Fig. 4) . The repaired pHS102 box fragment A (Fig. 1) was then inserted in both orientations in plasmids pSVA500, pSVA40 and pSVA29 at two different positions : the SstI site (present at positions -65 and -43,with respect to the mRNA start site in pSVA40 and pSVA29) or the Pvul site of pBR322, both made blunt-end with DNA polymerasel (see Fig. 4 ). Insertions of two tandemly repeated fragments A in both orientations were also obtained (pSVPB2A500 and pSVPB2IA500).
The identity of all plasmids constructions shown in Fig. 1-4 was checked by extensive restriction enzyme analysis and by DNA sequencing (14) when necessary. Starting from the SV40 wild-type early region recombinant pSVl (5) we constructed a series of deletion mutants in the 72 bp repeat (Fig. 2) . As shown in Table 1 To demonstrate that the above decreases were not due to a defect in replication, we constructed a series of derivatives of plasmid AS (6) which contains a 9 bp deletion in the origin of replication and therefore cannot replicate (25] but still gives roughly the same level of T-antigen expression as pSVl (Table 1] As shown in Table 1 , the effect of the deletions in the 72 bp sequence was very similar with recombinants containing a deletion in the origin of replication (TBAS1O1 and TBAS2O8).
B) The introduction into various recombinants of the 72 bp repeat region in either orientation stimulates gene expression.
1) Effect of introduction of the 72 bp box region directly upstream from the T-antigen coding sequence.
We have previously shown that deleting all of the sequences located upstream from the SV4O early gene mRNA startsites (pEMP mutant, see Ref. TBO   TB1O1  TBAS1O1  TB2O8  TBAS208  TB2O2  TBB1O1  TBBI1O1   pRE4  pRE7  pMMB28  pMMB14  pMMBl  pMMB24  pRE7BS  pMMB28BS . 1 ). The same level of expression was obtained with the mutant pEMPB (Fig. 3) in which the SV40 113 to 270 nucleotide segment ("pHS102 box fragment A" - Fig. 1 ) was inserted directly before the SV40 early gene coding region. The 72 bp repeat region can therefore "promote", to some extent, T-antigen production in the absence of any additional known promoter sequences. Moreover, its effect is apparently not related to its orientation with respect to the coding sequences, since identical results were obtained with pEMPB and pEMPBI (Table I and Fig. 3 ) . In addition the 72 bp repeat region must be covalently linked to the structural gene sequences for the stimulation of expression to be observed, i.e. it is cis-acting. This was shown by experiments in which the plasmids pEMP and DB14 (the "pHS102 box fragment A" cloned in pBR322) were coinjected in CV1 cells (Table 1) . (Table 2) . We do not know whether this difference, which is more obvious with the microinjection assay, reflects a difference in the properties of the two promoter regions or rather differences in the actual construction of the recombinants. However, in both cases, adding the 72 bp region in either orientation resulted in a striking increase of (Fig. 2) almost abolished T-antigen expression, whereas its replacement with a fragment containing the non-deleted 72 bp sequence of TBO (Fig. 2) did not affect noticably the original level of expression (R.H., data not shown). In addition this stimulatory effect was cis-acting like that discussed above for the pEMP derivatives (see in Table 2 (Table 1) which was similar to that of the parental deleted plasmid (pHS102). In addition, these results may suggest that the recombinant plasmids are actually transcribed in vivo by RNA polymerase class B (II), since the TATA box is a specific element of genes known to be transcribed by this enzyme (for reviews, see Refs. 10 and 19).
2) Stimulation
C) The location of the 72 bp repeat region in the various recombinants affects its ability to stimulate gene expression.
The 72 bp region can act in SV40 not only when it is in its natural location,but also when it is displaced by about 4.0 kb (Fig. 2) , as shov/n by the results obtained with recombinants TBB101 and TBBI101, in which the 72 bp re-peats were inserted in either orientation in the Pvul site of the 72 bp deletion mutant TB1O1 (Table 1) . In both cases, there was a strong stimulation of T-antigen expression, irrespective of the orientation of the inserted repeat.
A similar, but reduced stimulation was obtained in the Adenovirus series where the 72 bp region was inserted at about 4.0 kb upstream from either the +33 to -40 or the +33 to -500 Ad2 MLP sequences (pSVPBA40, pSVPBIA40, pSVPBA500, PSVPBIA5OO - Fig. 4 and Table 2 ). It is interesting to observe that insertion of four 72 bp sequences instead of two increased significantly the level of T-antigen expression (compare the pSVPBA500 and pSVPB2A5OO series - Fig. 4 in Table 2 ). The reduced effect of the insertion of the 72 bp region in the Adenovirus derivatives (when compared to the corresponding SV40 TBB101 recombinants) may be due to the fact that only a fraction of the 72 bp region has been deleted in mutant TB101 (see below). It is striking that in the case of the conalbumin derivatives, insertion of the 72 bp region in either orientation at about 3.7 kb from the conalbumin promoter sequences (pTCTB37, pTCTBI37 - Fig. 3 (pTCTB3 and pTCTBI3 -Fig. 3 and Table 2 ) suggest that the effect of the 72 bp repeat region decreased with increasing distances from the promoter sequences. It is possible that this "effect of distance" is more noticable with the conalbumin than with the Adenovirus derivatives (see above), because the promoter region of the latter is more efficient (pSVA40 expression is higher than that of pTCT, see microinjection results in Table 2 ). A similar "effect of distance" also seems to occur with the "promoterless" pEMP series (pEMPB, pEMPBI,pEMPB3, pEMPBI3 , pEMPB37, pEMPBI37 - Table 1 and Fig. 3 ) . However, the microinjection results indicate that the 72 bp region has an effect on T-antigen expression in the conalbumin and "promoterless" derivatives even when the effect is not detectable by transfection (compare in Table 1 pEMP and  PEMPBI37, and in Table 2 pTCT, pTCTB37 and pTCTBI37).
and Table 2) resulted in a much lower level of T-antigen expression than for the SV40 and Adenovirus corresponding derivatives. The results obtained with conalbumin derivatives where the 72 bp region is inserted in either orientation in the Sail site
From the above results it appears that 1) the effect at distance of the 72 bp repeat can be observed in the absence of any known promoter sequence ; 2) there is a decrease in the effect of the 72 bp region with increasing distances from the promoter sequences ; 3) the same effects were obtained irrespective of the orientation of the inserted repeat region. It is important to stress that the nature of the assay which is used for measuring the variation of gene expression with respect to distance of the 72 bp region is of paramount -importance. Clearly, the "effect of distance" would not have been noticed, if we had used the microinjection assay alone. This is due to the difference in the sensitivity of the assays as discussed below.
The extent of stimulation of gene expression by the 72 bp region is influenced not only by the distance between the promoter sequences and the inserted region, but also by the relative order of the components present in the recombinants. This is shown by the results of recombinants pTBCT and pTBCTI (Fig. 3  and Table 2 ) in which the 72 bp region has been inserted in either orientation between the conalbumin promoter sequence and the SV40 T-antigen coding sequence. It appears that in this particular configuration the level of expression is not influenced by the presence of the conalbumin promoter region (compare pEMPB and pEMPBI with pTBCT and pTBCTI in Tables 1 and 2 ).
D) Effect of separation of the 72 and 21 bp repeat containing region from the
TATA box region in SV40 recombinants. Fig. 1) . T-antigen expression obtained with these recombinant plasmids is shown in Table 1 . The parent recombinant, pRE4, which is derived from the SV40 mutant cslO96 (15, Materials and Methods and Fig. 1) showed a small but reproducible decrease in expression when compared with the wild-type pSVl. This can only be due to the two single base changes in cslO96 and may be allied to the cold-sensitivity of the mutant. pRE7, with an 8 bp insertion, gave a further small fall in expression which could be due either to disruption of an important sequence in the -40 region, or to alteration of a critical distance separating two domains located on either side of this position. However, this function is not essential since the SV40 deletion mutant dl892 (23) which has lost 19 bp including those mutated in cslO96, is viable.
The results described above indicate that, as the distance between the 72 bp repeat and the promoter sequences is increased, there is a decrease in the levels of T-antigen expression. To investigate this effect in more detail, we constructed a recombinant, pRE7, with a BamHI linker at position 34. A large number of insertion derivatives in the BamHI site of pRE7 were then constructed (Materials and Methods and
The insertion of increasingly longer DNA fragments in the BamHI site of pRE7 resulted in further decreases in expression which were particularly marked in the cases of pMMBl (200 bp inserted) and pMMB24 (700 bp inserted) ( Table 1) . It is possible that the inhibition was due to the DNA sequences of the insertions themselves, rather than to the separation of the 72 bp and 21 bp repeat containing segment from the TATA box region. However, all of the 16 pMMB series plasmids studied gave reduced expression compared to pRE7, and of the 12 plas-mids with insertions larger than 120 bp, 9 gave values of 12 % or less (R.E., unpublished results). Therefore it is likely that the inhibition is related to the insertion of a segment of DNA, and not to inhibitory DNA sequences.
This fall in expression could be due to the distance effect of moving the 72 bp repeat and the 21 bp GC-rich repeat away from the TATA box region, or it could be due to decreased replication of the plasmid constructs in vivo. To test this latter possibility, we constructed derivatives of pRE7, pMMBl and pMMB28 (pRE7BS, pMMBlBS and pMMB28BS) in which the Bgll site at the SV40 origin of replication was destroyed (Materials and Methods). These plasmids gave expression values in CV1 cells similar to their parents (Table 1 ). In addition, pRE4, pRE7 and the pMMB series plasmids gave the same pattern of results after transfection of mouse 3T34E cells (R.E., unpublished data), which are not permissive for SV40 DNA replication. These data exclude the possibility that the reduction in expression from the pMMB series plasmids was due to a defect in replication in the transfected cells.
In general therefore, increases in distance between the 72 and 21 bp repeat containing region and the TATA box region led very rapidly to marked reduction in expression of T-antigen. This could be due to the altered position of the 72 bp repeat region alone and therefore similar to some of the "effect of distance" described above. However the comparison of pMMBl and pMMB24 with TBB101 ( Figs. 1 and 2) indicates that although the position of the inserted 72 bp boxes in the latter is much further from the TATA box region than is the case in the pMMB plasmids, its expression level was significantly higher (Table 1 ). In the TBB10] , the 21 bp repeats are in their natural position. Therefore the reduction of expression seen with pMMB plasmids could be due not only to moving the 72 bp boxes away, but also to the altered position of the 21 bp repeats, which suggests that the latter could play an important role in the SV40 early promoter. In fact, a deletion between nucleotides 36 and 113 (R.E., unpublished data) and other deletions within this region (6, R.E., unpublished data) do cause important reductions in T-antigen production in CV1 cells.
DISCUSSION.
A) The validity of the imnuinofluorescence assay.
The T-antigen immunofluorescence assay is an indirect method of measuring the efficacity of gene expression of the various recombinants. In particular, since we have scored only the number and not the fluorescence intensity of the CV1 positive cells obtained after transfection, some justification is required to support our assumption that this number reflects the relative efficiencies of gene expression in the recombinants. It is reasonable to assume that in any one experiment the same proportion of cells in each culture dish used will be capable of DNA uptake and that the amount of DNA taken up by the nucleus of these competent cells would not be constant, but would rather follow a normal distribution varying from perhaps one to several tens of plasmid copies per cell. (This is certainly an upper limit because the results obtained by transfection and microinjection were markedly different in the case of poorly expressing recombinants -see below and Tables 1 and 2 ). It is also reasonable to assume that for a particular recombinant there is a minimum amount of DNA which is required in a cell to give, in total, enough T-antigen production for a nucleus to become visibly fluorescent. It follows that, when in a particular recombinant plasmid, the efficiency of T-antigen production is decreased, the number of plasmid copies required for a cell to become fluorescent increases and the number of positive cells in a constant area of confluent cell growth decreases relative to the wild-type situation. The justifications of these assumptions are empirical. Firstly, the results obtained were reproducible : the same relative efficiency was repeatedly observed for the different recombinants. Secondly, the SV40 wild-type recombinant pSVl gave the complete range of fluorescent intensity (illustrating that different cells take up different amounts of DNA), but poorly expressed recombinants gave only a low number of weakly fluorescent positive cells. This implies that even cells which had taken up the maximum amount of DNA gave a fluorescence intensity that was weaker than those that had taken up the maximum amount of control DNA.
The results obtained after microinjection of DNA can be interpreted along the same lines, except that the amount of recombinant DNA entering the nucleus was on average much higher. Therefore even for weakly expressing T-antigen recombinants, this could now be a saturating amount of DNA which would result in a high proportion of fluorescent cells. Therefore the two methods are complementary rather than confirmatory and it is very likely that they can detect wide variations in T-antigen production. However it should be stressed that, since we have not taken into account the variations in fluorescence intensity of the T-antigen positive cells, our results may afford a minimal estimate of the variations of gene expression, and that significant decreases might be missed. B) Characteristics of the effect of the SV4O 72 bp sequence on gene expression.
Our results support and extend our (6) and other (22) previous conclusions.
With plasmids containing one 72 bp sequence and deletions within it, we demonstrate unequivocally that the 72 bp element contains sequences which are essential for SV40 early gene expression. In agreement with our previous suggestion (6) the GC-rich block present within the 72 bp sequence appears to be important for this function, since deletions on both sides of the EcoRII site result in a marked decrease of early gene expression (Fig. 2 and Table 1) .
We have reported previously that a SV40 early region deletion mutant(pHS102, Fig. 2 in Ref.6 ) in which the "promoter" sequences located between the early mRNA startsites and the beginning of the second (II) 72 bp sequence had been deleted, but which still contained the 72 bp repeat and the adjacent sequences up to the Hpall site (position 346, see Fig. 1 ), expressed the early genes although with a low efficiency (see also the present paper, Table 1 ). The present results indicate that a DNA fragment which contains most of the 72 bp repeat and only 20 additional bp on their 5' side (from nucleotides 113 to 270) can also "promote" in a cis-acting fashion the expression of the T-antigen when inserted upstream from the SV40 early structural sequences (recombinant pEMPB and pEMPBI, Fig. 3 and Table 1 ). The effect was particularly noticeable when the ONA was introduced by microinjection where more than 30 % of the cells were T-antigen positive when the 72 bp repeat was present in the recombinant pEMPBI37, whereas no positive cells were ever observed in the absence of the repeat (pEMP).
Although the 72 bp repeat can act in the absence of the 117 bp segment located immediately upstream from the SV40 early mRNA startsites, it is clear that it functions best when closely associated with sequences which are known to belong to promoter regions active in vitro or/and in vivo. This is obviously the case for SV40, but it is striking that the SV40 sequences can be replaced by "promoter" sequences from the Adenovirus major late transcription unit (19, 32) (Fig. 4 and Table 2 ) or from the chicken conalbumin gene (19, 28-31) (Fig. 3 and Table 2 ). These are markedly inefficient in "promoting" T-antigen expression in recombinants lacking the 72 bp repeat. Several observations indicate that it is the promoter sequences of the Adenovirus or conalbumin segments themselves, rather than the mere insertion of DNA fragments with lenghts approximately equal to that which has been removed from the SV40 early region, which are important for the cis-acting effect of the 72 bp repeat (see Result section).However,the 72 bp repeat do not have to be positioned at exactly the same distance from the Adenovirus or conalbumin TATA boxes as they are from the SV40 TATA box to be fully efficient, at least with our assay.
It was surprising that in all of our recombinants, the 72 bp repeat functions equally efficiently in either orientation with respect to Adenovirus or conalbumin promoter DNA segments and to SV40 early structural sequences. This may reflect the in vivo situation. The 72 bp repeat is located between the early and late SV4O genes, which are transcribed in opposite directions. It has been suggested (22) that the 72 bp repeat region could also affect the efficiency of SV4O late gene expression. However, the order of the three DNA segments is important to achieve efficient expression : to be fully active (as judged by our transfection assay) the 72 bp repeat has to be located upstream (with respect to transcription of the SV40 early genes) from the inserted promoter segment (compare recombinants pTBCT and pTBICT with pTCTB and pTCTBI, and with pEMP and pEMPBI - Figs. 3 and 4, Tables 1 and 2 ).
It is very striking that, even when the 72 bp repeat is 4 kb away, it can stimulate the expression of the SV40 early structural sequences in the absence (the pEMP series, Fig. 3 and Table 1 ) and in the presence of the SV4O early (the TBB series, Fig. 2 and Table 1), the Adenovirus major late (the pSVPBA40 and 500 series, Fig. 4 and Table 2 ), or conalbumin (the pTCTB series, Fig. 3 and Table 2 ) promoter regions. However, the effect of the 72 bp repeat as assayed after transfection decreased with distance, although for the same distance this decrease was greater for the conalbumin than for the Adenovirus major late promoter recombinants. As the pBR322 sequences are identical in the two cases, this difference must be due to the Adenovirus or conalbumin promoter sequences (see above). It is remarkable that these variations in the "effect at distance" are almost erased when the DNA is introduced by microinjection, most likely because the number of recombinant copies per nucleus is too high to allow the immunofluorescence assay to detect differences in the efficiency of T-antigen expression by the various recombinants.
The insertion of four rather than two 72 bp sequences in tandem, in either orientation, resulted in a more efficient expression (recombinants of the pSVA5OO series, Fig. 4 and Table 2 ). In the SV40 case, a recombinant with one 72 bp sequence (TBO, Fig. 2 and Table 1 Alternatively the 72 bp repeat could be involved in other mechanisms known to activate transcription at the template level, for instance they could interact in some way with the topoisomerase machinery controlling DNA supercoiling, which is known to affect gene expression in prokaryotes (36-38). Although such a mechanism cannot be excluded at the present time, it would not readily account for the "effect of distance". The same remark applies to another possible mechanism, in which the 72 bp sequence would direct the DNA template into a specialized nuclear compartment containing all factors required for efficient transcription.
Could the 72 bp repeat interact directly with some of the components of the transcription machinery ? As discussed above, it "promotes" gene expression, although not efficiently, in the absence of any known promoter sequence, which suggests that it could be in itself an element of a promoter region. A plausible hypothesis which could account for all of our observations is that the 72 bp sequence corresponds to a particularly efficient bi-directional entry site for a component of the transcription machinery, for instance and for the sake of simplicity, RNA polymerase B (II). The RNA polymerase would then track the DNA to find an initiation site. This would explain the high efficiency of expression when the72bp repeat is close to elements known to have promoter functions, like the Adenovirus and conalbumin sequences which have been inserted in some of our recombinants, and the lower efficiency, when the 72 bp repeat is moved away. Since it appears that in the absence of the TATA box region initiation takes place in vitro (26) as well as in vivo (6) from multiple cryptic startsites, this hypothesis would also explain that gene expression can take place with a low efficiency in the presence of the 72 bp repeat, but in the absence of any known promoter sequence. This possibility is consistent with results from M. From, P. Berg and M. Singer (personal communications) who have also noted the enhancing effect of the 72 bp repeat region and found that in pBR322 recombinants containing the 72 bp region of SV40 inserted at distance from a known promoter or promoter-like region, initiation of transcription can also take place at some sites of the intervening pBR322 sequences. In vitro transcription studies and detailed analyses of the RNA synthesized in vivo from our recombinants are currently in progress to test the validity of the bi-directional "super" entry site hypothesis.
However, it should be clear that several of the possible mechanisms that we have discussed could operate concomitantly. It is also important to stress that the effect of the 72 bp sequence does not exhibit striking species specificity, as similar results were obtained in the present study using SV4O permissive monkey CV1 cells or non-permissive mouse 3T3 or L cells (A. Dierich, B.W. and R.E., unpublished observations). In this regard, we note that Capecchi ( 
